ABSTRACT BACKGROUND: Constipation is common in Western societies, accounting for 2.5 million physician visits/year in the US. Because many factors predisposing to constipation also are risk factors for cardiovascular disease, we hypothesized that constipation may be associated with increased risk of cardiovascular events.
Constipation is common in Western societies, the prevalence varying between 2% and 28%, depending on the definition adopted. [1] [2] [3] [4] [5] Between 1958 and 1986, constipation accounted for 2.5 million physician visits/year in the US, 6 but this number has doubled over the last decade, especially in women and the elderly, 7 leading to considerable utilization of health care resources, with costs estimated to reach $6.9 billion. Nevertheless, constipation has received limited attention in the modern scientific literature, and its etiology and physiopathology are still poorly understood. 8, 9 On the contrary, in the 19 th century, constipation was considered "the disease of diseases," 10 and the notion of its dangerous consequences dates back to the 16th century BC, when an Egyptian papyrus presented for the first time the notion of poisoning of the body by substances produced from decom-posing waste in the intestine. 11 In both Ayurvedic and Chinese medicine, there is the belief that constipation may cause serious diseases, 12 and bowel purgation has been a mainstay of medical therapy for centuries.
To date, there is limited information about the possible connection between constipation and chronic conditions, including cardiovascular disease. In crosssectional studies, constipation has been linked with age and female sex; 1, 3, 4, 13, 14 use of nonsteroidal anti-inflammatory drugs, aspirin, and other medications; 13, 15 diabetes; 13 lack of physical exercise; 3, 16 and with race, low socioeconomic status, and low education level. [1] [2] [3] [4] 17 Multiple studies have associated constipation with low fiber intake, 14, 16, 18, 19 and some trials have shown that adding fiber to specific diets improves bowel function. 20, 21 Because many of the factors that have been associated with constipation also are risk factors for cardiovascular disease, we hypothesized that women with symptoms of constipation may be at higher risk for cardiovascular events. The Women's Health Initiative (WHI) provided an ideal population to test this hypothesis, both because constipation is more frequent in older women, and because of the high quality of cardiovascular outcome ascertainment.
METHODS

Design and Population
The WHI consisted of a set of randomized clinical trials and an observational study. 22 The observational study was a large prospective cohort study conducted in 93,676 postmenopausal women ineligible or unwilling to participate in the WHI clinical trials. Recruitment (1994-1998) was conducted through mailings to eligible women from large mailing lists. The duration of follow-up was between 6 and 10 years, depending on when women enrolled in the study. In order to be eligible, women had to be 50-79 years old, postmenopausal, willing to provide written informed consent, and planning to be resident in the study recruitment area for at least 3 years following enrollment. Exclusion criteria included medical conditions predictive of a survival time of Ͻ3 years; conditions inconsistent with study participation, such as alcoholism, drug dependency, mental illnesses, and dementia; and participation in another randomized controlled clinical trial.
Participants in the observational study had a baseline visit that included physical measurements (height, weight, blood pressure, heart rate, waist and hip circumferences), collection of blood specimens, a medication/supplement inventory, and completion of questionnaires related to medical history, family history, reproductive history, lifestyle/ behavioral factors, and quality of life. Routine follow-up activities consisted of mailings sent annually and a visit 3 years after enrollment to update selected baseline data and obtain additional risk-factor data. The annual mailing included a medical history update and questionnaires about lifestyle habits, demographics, hormone therapy, dietary habits, and psychosocial variables. However, except for the medical history update, such information was not collected at each year of follow-up. For internal consistency, we used only baseline variables for this analysis.
The study outcomes were coronary heart disease, stroke, breast and colorectal cancer, osteoporotic fractures, diabetes, and total mortality. Outcomes were identified by self-report on the medical history update or by reporting directly to clinic staff in the intervals between questionnaires. Centrally trained physicians adjudicated cardiovascular and mortality outcomes.
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Variables Definition
Information about constipation was collected at baseline by means of a self-administered questionnaire. Constipation, defined as "difficulty having bowel movements" over the previous 4 weeks, was rated using a scale ranging from none (symptom did not occur), mild (symptom did not interfere with usual activities), moderate (symptom interfered somewhat with usual activities), or severe (symptom was so bothersome that usual activities could not be performed).
We considered covariates that may affect constipation or cardiovascular events or both, such as age, risk factors for coronary heart disease, diet, medications, and depression. Frailty, 24 optimism, 25 white blood cell count, 26 and resting heart rate, 27 which have been previously associated with unfavorable mortality and cardiovascular outcomes in WHI, were included in the analysis as additional confounders.
Demographics (race/ethnicity, age at screening, marital status, and education) and information about hypertension, diabetes, high cholesterol, previous cardiovascular events, smoking status (ever, never, current), and family history of coronary heart disease were collected at baseline by means of self-administered questionnaires. Body mass index (weight in kilograms/height in meters 2 ) was calculated from direct measurements of height and weight performed at baseline. Because baseline cholesterol levels were not measured in the entire sample, a proxy was used • This association was no longer present in multivariate models except for women with severe constipation, who had a 23% higher risk of cardiovascular events.
• Because constipation is easily assessed, it may be a helpful tool to identify older women with multiple risk factors and increased cardiovascular risk. cholesterol requiring pills). Because of the high percentage of missing data in the question inquiring about age of first-degree relatives at the time of the heart attack, we used a yes/no question about the occurrence of myocardial infarction in any first-degree relative. Dietary variables (water, alcohol, fiber, and total fiber intake) were derived from a self-administered food-frequency questionnaire designed for the WHI. 28 Energy expenditure (total metabolic equivalent of task hours per week, kcal/week/kg) from recreational physical activity (walking, mild, moderate, and strenuous physical activity) was computed from selfreported questionnaires. Information about ongoing medications was collected from study participants who were required to bring their medication bottles at the baseline visit. Depression was assessed using the shortened version of the Center for Epidemiological Studies Depression Scale. 29 Frailty was calculated using the criteria described by LaCroix and colleagues; 30 optimism was measured using the Life Orientation Test-Revised. 31 Trained study staff measured the baseline resting heart rate by palpating the radial pulse for 30 seconds; white blood cell count was obtained from baseline fasting blood specimens.
Outcome
The study outcome was a composite of death from coronary heart disease, nonfatal myocardial infarction, angina, coronary revascularization, stroke, and transient ischemic attack. WHI definitions for each of the cardiovascular outcomes are provided in the WHI manuals. 32 Fatal events were confirmed by death certificates, autopsy reports, hospital discharge summaries/death summaries, and coroner's report for deaths occurring out of hospital. Nonfatal events were documented by discharge summaries, hospital face sheet with International Classification of Diseases 9 th revision, clinical modification codes, or physician attestation.
Statistical Analysis
Baseline characteristics according to different constipation categories were compared using chi-squared tests for categorical variables and Kruskal-Wallis tests for continuous variables. Survival curves were generated by the KaplanMeier method. Log-rank statistics were used to compare failure curves among different constipation categories. Estimates of the risk of cardiovascular events between categories of constipation relative to women reporting no symptoms (reference group) were derived from Cox proportional hazards regression models, adjusting for covariates in Tables 1 and 2. Time to event was computed in years as time from entry in the study to event, death, or last follow-up interview; and survivors were censored at the date of the last follow-up interview, or loss to follow-up. The validity of the proportional hazards assumption was confirmed by plotting log(-log[S(t)]) versus time on study, where S(t) indicates the estimated survivorship function, and noting that lines for different covariate values were parallel. 33 The univariate model was adjusted for potential baseline confounders using 3 different models. The first model adjusted for demographic variables; the second model included model 1 covariates plus previous history of cardiovascular disease, coronary risk factors, and baseline heart rate. The third and final model adjusted for all previous covariates plus dietary factors, use of calcium channel blockers and diuretics, white blood cell count, depression, optimism, and frailty scores. The continuous variables age and body mass index were categorized as in Table 1 , for consistency with previous WHI analyses. To handle nonlinear associations in Cox proportional hazards models, total calories and alcohol were categorized using quartiles, and white blood cell count, energy expenditure, and resting heart rate were log-transformed.
Results are presented as unadjusted and adjusted hazard ratios with 95% confidence intervals. P values Ͻ.05 were considered significant. All statistical analyses were performed using SAS statistical software version 9.1.
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RESULTS
Of the 93,676 women initially available for the analysis, 22.0% were excluded for missing data on the exposure indicator or major confounders, leaving 73,047 women for Abbreviations: BMI ϭ body mass index; CES-D ϭ Center for Epidemiological Studies Depression scale; CHD ϭ coronary heart disease; MET ϭ metabolic equivalent of task; MI ϭ myocardial infarction.
*Observations reported as % (n) or median (25 th -75th percentile); observations with any missing data were omitted. †Chi-squared or Kruskall-Wallis.
the final analysis. Higher rates of exclusion were seen in African Americans and Hispanics compared with nonHispanic Whites and in women with lower educational levels. Compared with women included in the analyses, women omitted due to missing data were slightly more likely to report constipation (37.8% vs 34.7%), and were slightly older, on average (64.2 vs 63.4 years). All other comparisons between groups were statistically significant because of the large number of observations, but the magnitude of the differences was small. Table 1 shows the baseline prevalence of selected characteristics by constipation severity. At baseline, 34.7% of women reported having constipation: 25.7% reported having mild constipation, and 7.4% and 1.6% reported moderate and severe constipation, respectively. The mean duration of follow up was 6.4 Ϯ 1.4 years (median, 6.9 years).
Demographic Characteristics and Risk Factor Profile of Women with Constipation
The population's age ranged from 50 to 79 years (median 63.0 years). Women reporting constipation tended to be older, were more likely of African American or Hispanic descent, were less educated, and had greater frailty. They also more frequently reported one or more risk factors for cardiovascular disease: being diabetic, obese, hypertensive, or current smokers; using cholesterol-lowering medications; having lower levels of physical activity; or reporting that a family relative had had a myocardial infarction. Baseline prevalence of previous cardiovascular disease was higher in women with complaints of constipation. A higher proportion of women with constipation took calcium channel blockers or diuretics. Finally, the prevalence of depression was higher in women with constipation.
Women reporting moderate or severe constipation had a slightly lower intake of dietary fiber, alcohol, and water, while differences among caloric intake were minimal (Table 2) .
Univariate and Multivariate Models
Overall, women with moderate and severe constipation had a higher number of cardiovascular events (14.3 and 19.1 events/1000 person-years, respectively) compared with women with no constipation (9.6/1000 person-years). The cumulative incidence of cardiovascular events by constipation category is shown in the Figure. Table 3 ).
The association of constipation with increased risk of cardiovascular events was reduced with adjustment for age, race/ethnicity, and education ( timism and frailty scores, and white blood cell count (Model 3), constipation was no longer associated with an increased risk of cardiovascular events, except for women with severe constipation, who still had a 23% higher risk of cardiovascular events compared with women with no symptoms of constipation. Results were overall consistent upon excluding women with baseline cardiovascular disease (data not shown). Table 4 shows the unadjusted and adjusted hazard ratios by constipation severity for each cardiovascular event composing the main study outcome. Constipation was associated with an increased risk of myocardial infarction, stroke, coronary revascularization, and angina (moderate and severe vs. none). For most cardiovascular events, the confidence interval widened compared with the cumulative outcome due to the low number of events, but the direction of the association was generally consistent with an increased risk of events in most constipation categories compared with the no-constipation group.
DISCUSSION
In this analysis of a prospective cohort of communitydwelling, postmenopausal women, constipation was associated significantly with all the major risk factors for cardiovascular disease and with an increased risk of cardiovascular events. However, constipation was not an independent predictor of cardiovascular risk.
At baseline, the prevalence of all major cardiovascular risk factors was higher in women with more severe selfreported constipation. Consequently, the finding of an association between constipation and increased incidence of cardiovascular events was not surprising, and confirmed our hypothesis that constipation is a marker for cardiovascular risk in women who are postmenopausal. When cardiovascular risk factors were added into the multivariate model (Model 2), they reduced the strength of the associations between constipation and cardiovascular events. Further adjustment for diet, constipation-causing medications, depression, optimism and frailty scores, and leukocyte count had a more modest impact on the association. In the final model, women with severe constipation still had a 23% higher risk of cardiovascular events compared with women who did not describe constipation. Our first hypothesis is that this independent association is due to residual confounding. Because information about risk factors and previous medical history in the observational arm of the WHI was self-reported, residual confounding could result if women had under-reported coronary risk factors such as high cholesterol levels that were not measured at baseline. Model 1: adjusted for demographics (baseline age group, race/ethnicity, education, marital status). Age categorized as 50-59, 60-69, and 70-79 years. Marital status categorized as never married, previously married (widowed, divorced, or separated), and currently married or in marriage-like relationship). Education categorized as: Ͻ high school, high school or equivalent, some college, college degree, and postgraduate.
Model 2: adjusted for Model 1 covariates plus cardiovascular risk factors (previous history of cardiovascular disease, family history of myocardial infarction, body mass index (BMI), diabetes, high cholesterol, smoking, physical activity, hypertension) and log baseline heart rate. BMI categorized as underweight/normal (Ͻ25 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (Ն30 kg/m 2 ). Model 3: adjusted for Model 2 covariates plus dietary factors (water, fiber, alcohol, total calories), medications (calcium channel blockers, diuretics), log depression score, optimism score, frailty score, log white blood cell count. Dietary variables categorized by quartile in order to allow for nonlinear associations. Second, it has been suggested that food frequency questionnaires may underestimate fiber intake, thus resulting in inadequate adjustment for fiber consumption. 35 However, fiber intake is more likely to be under-reported in men than in women, 35 and the instrument used in the WHI showed good correlations with dietary recalls. 28 A purely speculative explanation is that severe constipation might trigger an inflammatory process that in turn accelerates the development of atherosclerosis and cardiovascular events. Inflammation, with release of cytokines by activated macrophages, could be caused by excessive or abnormal bacterial proliferation. Bacterial overgrowth with movement of gut bacteria from the lumen across the intestinal mucosa and immune activation has been described in patients with irritable bowel syndrome, 36 and there is preliminary evidence of an association between infections and coronary heart disease. 37, 38 This study presents some limitations. First, information about constipation was self-reported and limited to the previous 4 weeks. It has been suggested that self-reported constipation is not as specific and sensitive as symptombased criteria 4 such as the number of bowel movements or the Rome II criteria. 39 The prevalence of constipation in our population was in fact higher (34%) than that reported in studies using objective criteria. If women in our study reported constipation that would not otherwise be confirmed by objective criteria, this would result in an underestimation of the associations between constipation and cardiovascular risk. Furthermore, the definition used in the WHI-"difficulty having bowel movements"-is similar to how primary care providers ask their patients about constipation.
Second, because of the particular population studied, including women who are postmenopausal, mostly white, and educated beyond high school, these results may not be generalizable to younger age groups and less educated women and men. The limitations, however, should not detract from the strengths of the study; that is, a large cohort of community-dwelling, older women who were prospectively followed for outcomes over 6-10 years.
In conclusion, in postmenopausal women, constipation is a marker for the major risk factors for cardiovascular disease and for increased cardiovascular risk. We did not find evidence for an independent association or for a causal association between constipation and cardiovascular disease. Because constipation is easily assessed in a primary care setting, it may be a helpful tool to identify women who may present several risk factors for cardiovascular disease and who may be at increased cardiovascular risk. Considering the prevalence of constipation, further research is needed to confirm whether it may be a marker of cardiovascular risk in both men and women and in younger age groups. Abbreviations: CABG ϭ coronary artery bypass grafting; CHD ϭ coronary heart disease; CI ϭ confidence interval; MI ϭ myocardial infarction; PTCA ϭ percutaneous coronary angioplasty; TIA ϭ transient ischemic attack.
Model 1: adjusted for demographics (baseline age group, race/ethnicity, education, marital status). Age categorized as 50-59, 60-69, and 70-79 years. Marital status categorized as never married, previously married (widowed, divorced, or separated), and currently married or in marriage-like relationship). Education categorized as: Ͻ high school, high school or equivalent, some college, college degree, and postgraduate.
Model 2: adjusted for Model 1 covariates plus cardiovascular risk factors (previous history of cardiovascular disease, family history of myocardial infarction, body mass index (BMI), diabetes, high cholesterol, smoking, physical activity, hypertension) and log baseline heart rate. BMI categorized as underweight/normal (Ͻ25 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (Ն30 kg/m 2 ). Model 3: adjusted for Model 2 covariates plus dietary factors (water, fiber, alcohol, total calories), medications (calcium channel blockers, diuretics), log depression score, optimism score, frailty score, log white blood cell count. Dietary variables categorized by quartile in order to allow for nonlinear associations.
